One hundred and twenty-two adults ranging in age from 20 to 83 years participated in this study of visual discrimination and recognition. The simultaneous-matching-to-sample (discrimination) and delayed-matching-to sample (recognition) paradigms used identical stimuli for spatial frequency, luminance, spatial localization, orientation, pattern, trajectory, and velocity matching. Linear regression analyses indicated that increased age slowed reaction time on the simultaneous-matching tasks. This relationship was not found, however, when subjects were required to match the stimuli after a delay. When older adults' reaction times were regressed on those of adults in their 20s, very different patterns of age-related slowing emerged from the data as a function of task requirements. The results from the simultaneous-matching paradigm replicate previous reports of general slowing on nonlexical tasks, but this was not true for the results from the delayed-matching paradigm, which used similar stimuli but also involved short-term memory.
B
EHAVIORAL slowing with increased age is one of the most robust findings in the adult developmental literature. When compared with young adults in their 20s, older adults are significantly slower on a wide variety of sensorimotor, perceptual, and cognitive tasks (for reviews see Birren, Woods, & Williams, 1980; McDowd & Birren, 1990) . Age-related slowing is evident in electrophysiological event-related potential studies as well (Bashore, Osman, & Heffley, 1989; O'Donnell, Friedman, Swearer, & Drachman, 1992) .
In addition to slowing per se, older adults show much greater slowing on some tasks than on others. This suggests that while many perceptual and cognitive processes slow with age, some components may be slowed more than others. The question remains as to why this is so. Explanations include, for example, an age-related shift in the speedaccuracy trade-off (Strayer, Wickens, & Braune, 1987) , increased neuronal (Welford, 1977) or internal noise (Allen, Weber, & May, 1993) , and decreased attentional capacity (Plude & Doussard-Roosevelt, 1989) . Others argue that the absolute magnitude of age differences in reaction time is proportional to hypothesized increases in difficulty or processing demands, regardless of the particular task or process (Cerella, Poon, & Williams, 1980) .
In its strongest form the generalized slowing model postulates that all cognitive processes show the same degree of age-related slowing. Much of the support for the generalized slowing model comes from meta-analyses of data collapsed across a wide variety of studies. When the mean reaction times of older adults are plotted as a function of the mean reaction times of younger adults, systematic, linear relationships are found (Cerella et al., 1980) . When regression analyses are calculated separately for different domains of information processing, however, differences in the slopes, intercepts, and linearity of these functions are found. Nevertheless, older subjects' reaction time can still be predicted from that of younger subjects by adding a constant, multiplying a constant, or by factoring in peripheral (e.g., perceptual) and central (e.g., computational) processing time (Cerella, 1990) . Variations of the generalized slowing model, such as multilayered slowing (Cerella, 1985) , overhead slowing (Cerella, 1990) , and information-loss (Myerson, Hale, Wagstaff, Poon, & Smith, 1990 ) have been proposed to account for these differential effects of age on reaction time. This research and methodology suggests that across tasks and domains, the response time of older adults is a function of the response time of younger adults. Salthouse and Somberg (1982) described two interpretations of general slowing. Under one interpretation, it is sufficient that all processes show slowing, but not all have to be slowed equally. Under a second interpretation, it is necessary not only that all processes show slowing, but that all processes show exactly the same slowing.
Others have extended the generalized slowing model to a domain-specific model. This model proposes that the slowing function for tasks in one domain is identical for each of the tasks within the domain. However, the slowing function varies from one domain to the next. For example, Lima and colleagues Hale, Myerson, Faust, & Fristoe, 1995; found that the reaction times of older adults could be accurately predicted on the basis of young adult reaction times only if the tasks were all verbal or all nonverbal. In other words, a common age effect was found on tasks that also shared a common attribute or domain (e.g., lexical versus nonlexical). In this sense the domain-specific model is not as global as the strongest form of the generalized slowing model in which all processes are equally slowed. It is, however, far more general than the process-specific model proposed by Fisher (1993 [cited in Fisk & Fisher, 1994 ) in which different (cognitive) processes are controlled by different slowing functions that may or may not differ across domains. The process-specific model predicts that the slowing function for a given process is invariant across tasks and domains, but does vary from one process to another.
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slowing on multiple visual tasks across multiple age groups using simultaneous-matching-to-sample and delayedmatching-to-sample paradigms. In both procedures the same visual stimuli were used, but in one an additional processing requirement (maintenance of information in short-term memory) was made. Following the recommendation of Fisk, Fisher, and Rogers (1992) the visual tasks overlapped in complexity/difficulty, as indexed by young adults' reaction time, between the two paradigms. If a generalized model or a general nonlexical model governs age-related slowing on these tasks, then there should be no differences in the results from the two nonlexical paradigms. If not, these models cannot be easily extended to performance on tasks that incorporate a memory requirement.
METHODS
Subjects
One hundred and twenty-two healthy subjects between the ages of 20 and 83 years were recruited for study. None of the subjects had a history of neurological, cardiovascular, or other severe medical disorders. Visual acuity of each eye was assessed using a Jaeger eye test card at approximately 36 cm. Informed consent was obtained according to institutional guidelines. Subjects were paid for their participation.
Subjects were grouped into four age groups in order to maximize group sample size. Thirty-five subjects between the ages of 20 and 29 years (25.17 ± 3.02), 42 subjects between 30 and 44 years (36.71 ± 4.25), 21 subjects between 45 and 59 years (50.38 ± 4.15), and 24 subjects 60 years of age or greater (71.00 ± 5.88) participated. A greater percentage of women (67%) participated in this study overall, but the distribution of women to men varied between age groups. All subjects had at least a high school education. Visual acuity was normal or corrected to normal in all age groups.
Procedure
All subjects participated in both the simultaneousmatching and delayed-matching paradigms using identical stimulus tasks consisting of spatial frequency, luminance, spatial localization (location), orientation, pattern, trajectory, and velocity matching. Thirty-five subjects participated in the simultaneous-matching paradigm, followed by the delayed-matching paradigm. The other 87 subjects participated in the reverse order. Presentation order of the two paradigms had no effect on the results. Within each paradigm the presentation of each task was randomized across subjects. Prior to each task, subjects were shown an example of the stimulus parameter being tested and instructed on response criteria (see below).
Simultaneous-matching-to-sample paradigm. -For each stimulus task a 1-second, centrally located fixation point marked the beginning of each trial. Three stimulus squares were then presented simultaneously. Two of the squares were located slightly (1 cm) below the center of the display and the third was located slightly (1 cm) above center. The upper square (sample) and one of the lower ones were identical. The other lower square varied from the sample, ranging from an easily discriminable difference on the stimulus parameter to the smallest difference allowable given the software and hardware constraints of the equipment used. There were three such levels of dissimilarity or "difficulty," with 10 trials each, for each of the visual tasks. Difficulty levels were not equated across the visual tasks. Each of the stimuli were presented in a centrally located square subtending 2.5 degrees of visual angle. Subjects were instructed to indicate which of the two lower squares was identical to the upper square on the stated stimulus parameter. For a given task, the sample for a given trial was selected from three to four (depending on the condition) possible sample stimuli. The stimuli stayed on the computer monitor until the subjects indicated (by button push) which of the lower squares was identical in appearance to the sample. Subjects were instructed to respond as quickly and accurately as possible.
Delayed-matching-to-sample paradigm. -For each stimulus task a 1-second, centrally located fixation point marked the beginning of each trial. The sample stimulus was then presented for 2 seconds, immediately followed by the presentation of two choice stimuli. One of the choice stimuli was identical to the previously presented sample. The other stimulus varied from the sample, as described above. Subjects were instructed to indicate which of the choice stimuli was identical to the sample on the studied stimulus parameter.
In both the simultaneous-matching and delayed-matching paradigms a trial was repeated if reaction time was less than 100 msec. The dependent variables of interest were mean proportion correct response and mean reaction time (RT) at each level of task difficulty on each visual task.
Stimuli
All stimuli were generated and controlled by an IBMcompatible 80486 computer. Within each paradigm, all tasks were randomized across subjects. Each of the three task conditions was randomized within the visual tasks. Figure 1 illustrates the stimulus parameters of the tasks used.
Spatial frequency. -The upper (sample) and one of the lower squares had one of four standard (square-wave) spatial frequencies (1.1, 1.5, 2, 3 cycles per degree). The other lower square had a spatial frequency which differed from the sample by 1.08, .72, or . 18 cycles per degree.
Location. -All three squares had a dot located in one of four standard locations (top, bottom, left, right) . The dot within one of the lower squares was offset by 1.27, .79, or .48 cm from the location of the dots in the sample.
Luminance. -The upper and one of the lower squares had one of three intensity levels (11.04, 44.16, 179 .4 candela per meter squared). The other lower square had an intensity which differed from the sample by 120, 60, or 20%.
Orientation. -The upper and one of the lower squares had gratings which were oriented in one of four angles from vertical (8, 28, 332, 352 degrees) . The other lower square had gratings which differed from the sample by 30, 15, or 5 degrees.
B
Pattern. -All three squares contained one of four configurations of columns of " + " and " L . " One of the lower squares varied from the sample by 3, 2, or 1 columns.
Trajectory. -The upper and one of the lower squares had a dot moving 30 or 150 degrees from vertical in either an upward or downward direction. The other lower square contained a dot that followed a trajectory that differed from the sample by 55, 40, or 20 degrees.
Velocity. -All three squares contained a dot moving to the right horizontally. The dots in the upper and one of the two lower squares were moving at one of four velocities. The other lower square contained a dot that moved at a speed that differed from the sample by an average of 1.87, 1.06, or .53 cm/sec. 
Statistical Analyses
Each task within the simultaneous-matching and delayedmatching paradigms was first analyzed using repeated measures, linear regression to assess the effects of age, task condition (difficulty level), and the interaction of age and task condition on accuracy and RT. Significant interaction terms were further explored by two post hoc methods. Univariate F tests were computed for each level of task condition to determine whether there was a linear effect of age on each condition. Pairwise comparisons of the equality of the regression lines were computed to determine whether the age effect was similar across task conditions. Direct comparisons between the visual tasks were not possible because task conditions (difficulty level) were not matched or equated across tasks (Fisk & Fisher, 1994) .
Subjects were grouped by age (20-29, 30-44, 45-59, 60 + years) for the multitask analyses in order to compare with the published literature. Parameter estimates for linear regression functions of the RT data were* computed for the simultaneous-matching and delayed-matching tasks. Subjects in their 20s were compared separately with the other age groups.
Finally, age differences in latency and accuracy for the simultaneous-matching and the delayed-matching tasks were plotted in the method suggested by Cerella (1990) .
RESULTS, SINGLE-TASK ANALYSES
Simultaneous-Matching-to-Sample Paradigm
Accuracy
Mean proportion correct on the simultaneous-matching paradigm as a function of age, type of visual task, and task condition is shown in Table 1 . Inspection of these data indicates that subjects were accurate on most, but not all task conditions. On the most difficult discrimination conditions of the orientation and trajectory matching tasks, at least one of the age groups made only about 60% correct responses. If guessing is also taken into account this suggests that many of these subjects were responding at chance level. For this reason conditions in which any subject group had less than 67% accuracy were dropped from subsequent accuracy and RT statistical analyses. In the simultaneous-matching para-P192 SWEARER AND KANE digm the most difficult task condition of the orientation and trajectory tasks was dropped, making the total number of task conditions in this paradigm equal to 19 (7 matching tasks x 3 difficulty levels -2). Age was used as a continuous variable in the regression analyses.
Frequency. -Subjects were quite accurate on the frequency matching task. All subjects had accuracy levels of at least 67% on the two easier conditions of this task. Only two subjects had accuracy levels less than 67% on the third task condition. In the regression analysis proportion correct was not affected by age (p > .05). A main effect for task condition was observed (F = 9.14, p < .001). The age x task condition interaction was not statistically significant (p > .05).
Location. -All subjects had accuracy levels of at least 67% on the easiest task condition, only one subject had an accuracy level below 67% on the second task condition, and two subjects had low accuracy levels on the third. No significant effects for age, task condition, or the interaction of age X task condition were found in the regression analysis of this visual task.
Luminance. -Accuracy was high across subjects in the two easiest luminance task conditions; 90% of the subjects had accuracy levels of at least 67% on the third task condition. No significant effects for age or age x task condition were found on proportion correct. A main effect for task condition was found (F = 19.26, p < .001).
Orientation. All subjects had accuracy levels of at least 67% on the easiest task condition of the orientation matching task. Ninety-eight percent had acceptable levels on the second task condition, but only 58% had levels of at least 67% on the third. As noted above, the third condition of the orientation matching task was dropped from the regression analysis because accuracy was so low. Age had a significant effect on accuracy (F = 8.53, p = .004). Neither task condition nor the interaction term reached a statistically reliable level.
Pattern. -All subjects had accuracy levels of at least 67% on the first two conditions of pattern matching. Only one subject had an accuracy level below 67% on the hardest task condition. Accuracy was not affected by age, task condition, or the interaction between age and task condition at a statistically significant level.
Trajectory. -All but one subject had accuracy levels of at least 67% on the easiest condition of trajectory matching. Ninety-seven percent had acceptable accuracy levels on the second condition, but only 40% of subjects had acceptable levels on the third condition. The hardest task condition was dropped from the analysis since few subjects had accuracy levels greater than 67%. The two easier conditions were included in the regression analysis where age was found to significantly affect accuracy (F = $.20, p = .005). Significant effects were not found for task condition or the interaction term.
Velocity. -Ninety-eight percent of the subjects had accuracy levels of at least 67% on the easiest task condition, 96% had acceptable levels on the second condition, and 95% had levels of at least 67% on the third task condition. Accuracy was not affected by age, task condition, or the interaction between age and task condition.
Reaction Time
Mean RTs on the simultaneous-matching tasks as a function of age, type of visual task, and task condition are shown in Table 2 . The hardest task condition of the orientation and trajectory matching tasks was eliminated from the regression analyses because accuracy was too low to make interpretation of the RT data meaningful (see above). Age was used as a continuous variable in the regression analyses.
Frequency. -Age and task condition had significant effects on RT (F = 19.03,/? < .001; F = 10.88,/? < .001, respectively). The interaction of age x task condition was also significant (F = 4.88, p = .008). Post hoc univariate F tests indicated that there was a linear relationship of age on each task condition (F = 17.03, F = 16.20, F = 14.61, p < .001 for the easiest, moderate, and hardest discriminations, respectively). Pairwise comparisons of the regression lines were significant between the easiest task conditions (F = 60.30, p < .001) and between the moderate and hardest conditions (F -42.24, p < .001). Examination of the regression lines suggested that older subjects were especially slowed under the most difficult task condition.
Location. -RT was affected by age (F = 14.52, p < .001) and by task condition (F = 6.97, p = .001). The interaction term was not significant.
Luminance. -RT was affected by age (F = 17.93, p < .001), task condition (F = 12.24, p < .001), and by the interaction of age x task condition (F = 6.47, p = .002). Post hoc univariate F tests of the effect of age were significant for each task condition (easiest discrimination F = 14.69,/? < .001; moderate discrimination F = 21.81,/? < .001; hardest discrimination F = 12.48, p = .001). All pairwise comparisons of the regression lines were significant (easiest vs moderate discrimination F = 3.09, p = .047; easiest vs hardest discrimination F = 87.59, p < .001; moderate vs hardest discrimination F = 72.68, p < .001). Examination of the regression lines suggested that older subjects became progressively slower as task conditions became more difficult.
Orientation. -RT on the two easier task conditions was affected by age (F = 32.66, p < .001). A main effect for 
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Pattern. -RT was affected by age (F = 35.74, p < .001). The main effect for task condition and the interaction term were not statistically significant.
Trajectory. -Age had a significant effect on trajectory matching RT (F = 26.19, p < .001). Significant effects were not found for task condition or the interaction term.
Velocity. -Main effects for age (F = 7.84, p = .006) and task condition (F = 7.71, p = .001) were found on velocity matching RT. The interaction between age and task condition was not statistically significant.
Summary of Single-Task Analyses in the Simultaneous-Matching-to'-Sample Paradigm
Subjects had accuracy levels of at least 67% on the majority of the simultaneous-matching tasks. The two notable exceptions were on the hardest discrimination conditions of the orientation and trajectory matching tasks. These two conditions were dropped from further statistical analysis.
Linear regression analyses also suggested a significant effect of age on accuracy on the orientation and trajectory simultaneous-matching tasks. In each case increased age was associated with decreases in accuracy.
Significant age effects on mean RT were found on all seven matching tasks. A main effect for task condition (stimulus discriminability) was found on frequency, location, luminance, and velocity matching. Significant interactions between age and task condition were found on the frequency, luminance, and orientation simultaneousmatching tasks. While all subjects showed increased RT with decreased stimulus discriminability, the older subjects became especially slowed under these conditions.
Delayed-Matching-to-Sample Paradigm
Accuracy
Mean proportion correct on the delayed-matching tasks as a function of age group, type of visual task, and task condition is shown in Table 3 . Comparison of Table 1 and  Table 3 indicates that subjects were not as accurate and more variable on the delayed-matching tasks then they were on simultaneous-matching. This should not be surprising given the additional memory requirement in delayed-matching. Task conditions in which any age group had accuracy levels below 67% were dropped from further analyses. These included the hardest task condition of the luminance and orientation tasks and the two harder conditions of the trajectory task. For the following analyses the total number of conditions in the delayed-matching paradigm equals 17 (7 visual tasks x 3 task conditions -4). Age was used as a continuous variable in the regression analyses.
Frequency. -All of the subjects had accuracy levels of at least 67% on the two easier task conditions, and 98% had acceptable accuracy levels on the hardest condition. Age did not have a significant effect on accuracy. A main effect for task condition was found (F = 6.49, p = .002). The interaction term did not reach a statistically significant level (p > .05).
Location. -All but one subject in the two easier conditions had accuracy levels of at least 67%. Ninety-seven percent of the subjects had acceptable levels on the third task condition. Accuracy was affected by age (F = 6.45, p = .012) but not by task condition or the interaction of age x task condition on this visual task.
Luminance. -Ninety-nine percent and 96% of subjects had accuracy levels of at least 67% on the first two conditions of this task, respectively. Only 59% had acceptable levels on the third task condition. The hardest condition of this task was dropped from analysis because few subjects had accuracy levels of at least 67%. Age did have an effect on the luminance delayed-matching task (F = 22.24, p < .001). Neither task condition nor the interaction term was statistically significant.
Orientation. -Ninety-seven percent of the subjects had accuracy levels of at least 67% on the easiest condition of the orientation task. Ninety percent had acceptable levels on the second condition, but only 45% had acceptable levels on the third task condition. Few subjects had 67% accuracy on the hardest condition of the orientation task and so it was dropped from further analyses. Age had a significant effect on accuracy (F = 4.28, p = .041). Significant effects were not found for task condition or the interaction term.
Pattern. -One subject had an accuracy level below 67% on the easiest task condition. Ninety-seven percent of the subjects had acceptable accuracy levels on the other two task conditions. Age had a significant effect on accuracy in the regression analysis (F = 17.57, p < .001). Neither task condition nor the interaction between task condition and age had a statistically significant effect on accuracy.
Trajectory. -Eighty-eight percent of the subjects had accuracy levels of at least 67% on the easiest task condition. Few subjects had acceptable accuracy levels on the other two task conditions (59% and 18%, respectively). Only the first task condition was included in the statistical analyses. Age had a significant effect on accuracy in a simple linear regression analysis (F = 5.21, p = .024).
Velocity. -Seventy-six percent of subjects had accuracy levels of at least 67% on the first task condition, and 84% and 81% had acceptable levels on the other two conditions, respectively. Age had a significant effect on the accuracy of delayed velocity matching (F = 9.84, p = .002). Neither task condition nor the interaction term reached a statistically significant level.
Reaction Time
Mean RT on the delayed-matching tasks is shown in Table  4 . Four task conditions were dropped from statistical analyses because accuracy levels were low (see above). Age was used as a continuous variable in the regression analyses.
Frequency. -Mean RT was affected by age (F = 6.65, p = .011) and by task condition (F = 45.28,/? < .001). The interaction between age and task condition did not reach a statistically reliable level.
Location.-Main effects for age (F = 11.27,/? = .001) and task condition (F = 16.18, /? < .001) were found on this task. The interaction term did not reach a statistically reliable level.
Luminance. -As noted above, accuracy levels were too low in the hardest task condition of this visual task to interpret RT in a meaningful way. Regression analysis using the two easier task conditions indicates that age and task condition had significant effects on RT (F = 39.97, p < .001; F = 7.72, p = .006, respectively). The interaction of age x task condition did not have a significant effect on RT.
Orientation. -Mean RT was affected by age (F = 13.63, p < .001) and by the interaction of age and task condition (F = 4.84, p = .030). A main effect for task condition was not found on the two easier task conditions included in the analysis. Post hoc analysis of the interaction term indicated that age had a significant linear effect on both task conditions (easiest discrimination F = 8.41,/? = .004; moderate discrimination F = 16.85, p < .001). The pairwise comparison of the two regression lines did not, however, reach statistical significance. Examination of the regression lines suggested that unlike performance during simultaneous-matching, older subjects did not become especially slowed as the task condition became more difficult on delayed orientation matching.
Pattern. -Age had an effect on delayed pattern matching (F = 17.49, p < .001). Task condition and the interaction of age x task condition did not reach statistically significant levels.
Trajectory. -The two harder conditions were dropped from analysis because of low accuracy. Simple regression of age on RT in the easiest task condition was significant (F = 10.07, p = .002).
Velocity. -Mean RT was affected by age (F = 5.06, p = .026), task condition (F = 8.89, p < .001) and by the interaction of age and task condition (F = 4.11, p = .018). Post hoc univariate F tests indicated that age had a significant effect on RT on the two easier, but not the hardest task condition (easiest discrimination F = 9.31, p = .003; moderate discrimination F = 4.44, p = .037; hardest discrimination F = 1.11, p > .05). The only significant pairwise comparison between the regression lines was between the moderate and hardest task conditions (F = 5.15, p = .006). Examination of the regression lines suggested that older subjects were responding more slowly under the moderate level of difficulty than under the most difficult task condition.
Summary of Single-Task Analyses in the Delayed-Matching-to-Sample Paradigm
Accuracy levels of at least 67% were found on the majority of the delayed-matching tasks. Exceptions included the most difficult discrimination conditions on the luminance and orientation delayed-matching tasks and the two hardest conditions of the trajectory task. These four conditions were excluded from further analyses. Age had a significant effect on accuracy on all but the frequency delayed-matching task. Increased age was associated with decreases in accuracy on these tasks.
Significant age effects on mean RT were found on all seven delayed-matching tasks, with increased age associated with increases in RT on most, but not all of the delayedmatching tasks. Significant interactions between age and task condition were found on the orientation and velocity delayed-matching tasks. Post hoc analyses indicated that unlike their performance during simultaneous-matching, older subjects did not become especially slowed as task conditions became more difficult despite their lower accuracy levels. This suggests that they may have been sacrificing accuracy for speed.
RESULTS, MULTI-TASK ANALYSES
Parameter estimates for linear regression functions of reaction time. -Subjects were grouped into four age groups for the multitask analyses (20-29, 30-44, 45-59, and 60 + years) . The mean reaction times of each of the "older" groups were regressed on the mean RT of the youngest group (persons in their 20s) for 19 matching-to-sample tasks (7 visual tasks x 3 task conditions -2 conditions with low accuracy), and the 17 delayed-matching-to-sample tasks. Table 5 provides the parameter estimates for each of the linear regression functions.
Simultaneous-matching-to-sample tasks. -Parameter estimates for linear regression functions of RT on the simultaneous-matching tasks are shown in Table 5 . Generalized slowing is suggested for all three of the older groups when compared with the youngest group. In each case the slope differed significantly from 1.00 and the negative intercept was not significantly different from zero.
Delayed-matching-to-sample tasks. -Parameter estimates for delayed matching are shown in Table 5 . In this paradigm generalized slowing is consistent for the younger (30-44 years) and the middle-aged groups (45-59 years), but not for the oldest (60+ years) group. In the latter case the slope differed significantly from 1.00 and the positive intercept was not significantly different from zero. Generalized slowing is not suggested by this pattern. Speed-accuracy trade-off. -The relationship between speed and accuracy was examined using the method described by Cerella (1990) . The difference in RT and accuracy between the young adult group and each of the older groups was computed for all 36 task conditions. These differences were entered as points in the latency X accuracy "difference" space in Figure 2 . As illustrated in the figure, the points cluster along the abscissa for all groups. Ninetyseven percent of the data points for the 30-44-year-old group and 94% of the 45-59-year-old group fell within ± .05 from the abscissa. This clustering suggests that these two groups had accuracy levels similar to the youngest group. Eighty percent of the data points for the oldest group (60+ years) fell within ± .05 from the abscissa. Inspection of the figure indicates that the oldest group (60 + years) was not sacrificing speed for accuracy on the majority of the simultaneous-matching task conditions. On the other hand, they may have been sacrificing accuracy for speed on virtually all delayed-matching task conditions. Summary of multi-task analyses. -Regression functions for the simultaneous-matching paradigm were consistent with a generalized slowing model for all age groups tested. This model did not easily extend to performance on similar tasks that incorporated a memory requirement.
DISCUSSION
One of the most frequently observed and significant changes in aging is behavioral slowing. A number of models of age-related slowing have been proposed. One interpretation of the generalized model postulates that older adults' RT can be predicted from those of young adults without taking the specific nature of the tasks or conditions into consideration. In other words, all processes show exactly the same slowing. In a domain-specific model the processes involved in one type of task (e.g., lexical) can be explained by one slowing function, and the processes involved in another type of task (e.g., nonlexical) can be explained by a different slowing function. In a process-specific model slowing is invariant across tasks and domains, but varies from one cognitive process to another. It was the purpose of this study to investigate age-related slowing on multiple visual tasks across multiple age groups using simultaneous-matching and delayed-matching-to-sample paradigms. In both procedures the same visual stimuli were used, but in one an additional 
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processing requirement (maintenance of information in short-term memory) was made. If age-related slowing is general (i.e., process-independent) within the nonlexical domain, then there should have been no differences in the results from the two nonlexical paradigms.
The results from this study are not entirely consistent with a generalized or domain-specific model of age-related slowing. Significant age-related slowing was found on all seven simultaneous-matching tasks. In addition to a main effect of age on RT, significant interactions between age and task condition were found on the frequency, luminance, and orientation simultaneous-matching tasks. In each case the disparity between young and old RT increased with decreases in stimulus discriminability. The multi-task analysis of the simultaneous-matching conditions suggested a generalized slowing model of all three older subject groups' RT when compared with subjects in their 20s.
A different pattern of results emerged from the delayedmatching paradigm. While age had a significant effect on RT on all of the delayed-matching tasks in the single-task analyses, a nonlinear relationship was suggested on the orientation and velocity tasks. Here, unlike their performance during simultaneous-matching, older subjects appeared to be responding at faster rates despite lower accuracy levels as task conditions became more difficult. Generalized slowing was suggested for the younger (30-44 year) and middle-aged (45-59 years) groups in the multi-task analyses, but not for the oldest (60+ years) age group. While regression functions for the simultaneous-matching paradigm were consistent with a generalized slowing model, this model did not easily extend to performance on similar tasks with a memory requirement.
This raises the question of why very different patterns emerged from analyses of the simultaneous-matching-tosample and delayed-matching-to-sample paradigms. A speed-accuracy explanation is not completely sufficient. If older subjects were sacrificing speed (e.g., slower RT) for greater accuracy, especially in the more difficult task conditions, it would be reasonable to hypothesize that there would be interactions between age and task condition on RT. This model was not apparent in any of the single-task analyses. A related, but conceptually different explanation than a speedaccuracy shift is an age-related change in response criterion (e.g., Hertzog, Vernon, & Rypma, 1993) . In this model, older subjects are hypothesized to have longer RT than younger subjects because they must inspect stimuli longer to ensure they are not in error, even though their accuracy levels may not be statistically different than younger subjects. It could be argued that differences in response criterion between older and younger subjects fit the simultaneousmatching data in which there was significant age-related slowing on all tasks despite statistically insignificant age differences in accuracy on five of seven visual tasks. The model cannot explain, however, the systematic relation between age and complexity across different simultaneousmatching tasks. Nor can it completely explain the delayedmatching-to-sample data. While age-related slowing was found on all seven visual tasks, older subjects responded at faster rates than expected despite lower accuracy levels on two of the visual tasks. Under these conditions the oldest subjects appeared to be sacrificing accuracy for speed. Neither a speed-accuracy or response-criterion shift can explain why older subjects responded faster despite increased errors on one paradigm but not the other.
We hypothesize that the difference between the two paradigms reflects rate of processing during the short duration that information was held in memory (vs the unlimited inspection period during simultaneous matching). If subjects were restricted in the amount of time they could process information in memory, then it would behoove them to make a choice as quickly as possible to ensure greater accuracy then they would otherwise achieve. In this study, older subjects tended to respond faster on the delayed-matching tasks than during simultaneous-matching, whereas the youngest subjects did not. Moreover, both the youngest and oldest groups were less accurate on delayed (vs simultaneous) matching, although the difference was greatest for the older adults. These results suggest that when older adults respond faster than expected according to generalized nonlexical slowing, it costs them in accuracy because they are making decisions based on incompletely processed information. A task complexity explanation is not sufficient to explain these results since, for example, the largest difference in RT was found on the velocity delayed matching task, which in the simultaneous matching paradigm was approximately equal in difficulty to the pattern task (based on young adult RT). Delayed matching on the pattern task was, however, associated with half the RT difference, as well as a much smaller loss in accuracy. Further study is needed using different delays for a variety of tasks to determine how much processing time is required for different age groups and different kinds of information.
Studies of early visual processing on the rate of information processing during iconic or sensory memory have shown that younger adults process visual information faster than older adults. Di Lollo, Arnett, and Kruk (1982) , for example, tested subjects across a wide range of ages on backward-masking and temporal-integration tasks and found that older subjects required significantly longer interstimulus intervals to escape masking and longer durations of temporal gap to reach two-pulse threshold. The authors suggest that the results from both paradigms are attributable to slower functioning of the senescent nervous system. At a peripheral level, older adults have slower recovery from the short-term effects of stimulation (i.e., longer duration of visual persistence on temporal-integration tasks) than do younger adults. At a more central level, older adults are vulnerable to masking effects because of a slower rate of information processing.
If the speed of visual processing slows with age, then information may be lost before it is processed, leading to a short-term or working memory deficit. Oscar-Berman and her colleagues have studied visual processing time in normal aging and chronic alcoholism using a delayed-matching-tosample paradigm. In one study (Oscar-Berman & Bonner, 1985) , duration of the sample stimulus varied between 20 and 500 msec, and the delay between sample offset and response-choice onset varied between 0 and 30 seconds. The complexity of the sample varied from one to two dimensions (color and/or form). Both young and old controls and alcoby guest on November 4, 2016 http://psychsocgerontology.oxfordjournals.org/ Downloaded from holies had greater accuracy levels with increased sample durations and were negatively affected by stimulus complexity and length of delay. At short stimulus exposures, older subjects (controls and alcoholics) made significantly more errors than younger subjects. Increased stimulus complexity was associated with slower RT in the older subjects, especially when the delays were long. In a second study (OscarBerman, Hutner, & Bonner, 1992) , four experimental parameters were varied: modality of presentation (visual vs auditory), speed of processing (i.e., stimulus duration), location of a cue, and the duration between the cue offset and response opportunity. For both the visual and auditory modalities, older subjects (controls and alcoholics) performed more poorly than the younger subjects under the most difficult task conditions, but these differences disappeared with easier task demands (i.e., longer stimulus presentations and shorter response delays). These results suggest that the age-related decline observed in visual short-term memory may be mediated by a slowing of processing speed.
The results from this study suggest that RT for all subjects was greater on simultaneous-matching than delayedmatching tasks. Increased age was associated with increased RT on the simultaneous-matching tasks. This was reflected in the parameter estimates for linear regression functions in which the slopes were greater than one. Increased age was also associated with increased RT on the delayed-matching tasks; however, older subjects were responding faster than predicted by generalized nonlexical slowing. This was evident in the regression slopes, which were smaller than those found on simultaneous-matching. To help gain some insight into why this pattern emerged from the two paradigms, the following elementary models of information processing were constructed. In the simultaneous-matching tasks, the subject presumably encodes the sample stimulus (let e represent the duration of encoding), compares the sample to the choice stimuli (let c represent the duration of the comparison), and then responds (let r represent the duration of the response). The response times for the younger adults can thus be written as follows for the simultaneous-matching trials: RT young (simultaneous-match) = e + c + r. In delayed matching, the subject has already encoded the sample stimulus at the start of the trial. Performance is, therefore, based on the duration of the comparison of the encoded sample to the two choice stimuli and the time taken to respond. The response time for younger adults in delayed-matching is: RT young (delayed-match) = c + r. Given these models of RT for young adults, the question remains why the slopes for the older subjects, when old adult RT was regressed on young adult RT, were greater than one in simultaneous-matching, but smaller and roughly equal to one in delayed-matching. In the simultaneous-matching paradigm, the response time of older subjects might be given by a process-specific model of slowing where just the encoding time is lengthened by a multiplicative constant: RT old (simultaneous-match) = a + fte + c + r. In delayed-matching, the older subjects' response times follow similarly: RT old (delayed-match) = a + c + r. If encoding time is relatively long with respect to comparison and response times, then these equations appear to fit the results from the two paradigms. In simultaneousmatching, the encoding time of older subjects is proportionately lengthened and the comparison and response times are additively lengthened. In delayed-matching, only the comparison and response times of older subjects are additively lengthened since the sample stimulus has already been encoded. These models are speculative but do support processspecific slowing in the two paradigms.
A limitation of this study was ceiling effects in accuracy on many (but not all) task and task conditions. In addition, task condition (stimulus dissimilarity) was not equated across the visual tasks. As a partial correction for variability in accuracy and task condition, only those task conditions in which accuracy was at least 67% for all age groups were included in the statistical analyses. Conditions rather than individual subjects were dropped so as to not reduce sample size and hence statistical power. This correction resulted in ceiling or near ceiling effects on accuracy for all remaining task conditions. This was no doubt due to the generous inspection time on each trial. The time to inspect the sample was unlimited on the simultaneous-matching tasks because there was no time limit to respond, but although there was also no time limit on responding on the delayed-matching tasks, the sample was available for a limited time (2 sec). Nevertheless, very different age-related slowing functions were found in this study on the simultaneous-matching and delayed-matching paradigms despite ceiling effects.
The use of parameter estimates for linear regression functions of reaction time is commonly used to investigate agerelated slowing. In this methodology the average RT of older adults is plotted against that of younger adults across a number of tasks as in the multi-task analyses reported here or in meta-analyses in which the simultaneous examination of young and old RT is made across a large number of studies. The resulting regression function, it has been argued, helps determine the locus of age-related slowing such as peripheral (sensorimotor) vs central (computational) slowing. This use has, however, been criticized. For example, regression parameters based only on average RT ignore individual differences or variability. Some have argued that the analysis treats all tasks and studies equally, with no regard for methodological differences or differences in task difficulty. In addition, it is assumed that each task included in the analysis measures some common cognitive process or core of processes (Bashore et al., 1989; Fisk & Fisher, 1994; Salthouse, 1988) . Within-subject variability was assessed in this study by using linear regression (an analysis of variance) to assess the effects of age, task condition, and the interaction of age x condition on RT for each of the visual tasks. Clearly this was not a threshold sensitivity study since the visual tasks were not equated for accuracy level. By using this methodology we were able to test the boundary conditions of the generalized slowing model.
Conclusion
This study has demonstrated that, for identical stimuli, generalized slowing can be demonstrated or not depending upon whether the task requires a memory component. Older subjects responded at faster rates, with a greater cost in accuracy, than younger subjects on delayed-vs simultaneousmatching. This difference between the two paradigms is not easily explainable by a task complexity effect or speed-P200 SWEARER AND KANE accuracy trade-off. We suggest that when older adults respond faster than predicted by a generalized slowing model, it costs them in accuracy because they are making decisions based on incompletely processed information. Slower processing speed is implicated as mediating this age-related change in memory performance. This suggests that there are boundary conditions on general slowing of performance that are explainable as important consequences of age-related slowing of processing.
